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NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither t he  United S ta tes ,  na- t he  National Aeronmtics 
and Space Administration (NASA), nor any person ac t ing  on 
behalf o f  NASA: 

A.) Makes any warranty or representation, expressed or 
implied, with respect t o  the  accuracy, completeness, 
or usefulness of the  information contained i n  t h i s  
report ,  o r  t h a t  the  use of any information, apparatus, 
method, or process disclosed i n  t h i s  report  may not 
in f r inge  pr iva te ly  owned r igh ts ;  or 

B.) Assumes any l i a b i l i t i e s  w i t h  respect t o  t h e  use of ,  
o r  f o r  damages resu l t ing  from the  use of any infor- 
mation, apparatus, method or  process disclosed i n  
t h i s  report .  

A s  used above, "person ac t ing  on behalf of NASA" includes 
any employee or contractor of NASA, or  employee of such con- 
t r ac to r ,  t o  the  extent t h a t  such employee o r  contractor  of NASA, 
o r  employee of such contractor prepares, disseminates, or 
provides access t o ,  any information pursuant t o  h i s  employment 
or contract with NASA, o r  h i s  employment with such contractor.  

Requests f o r  copies of t h i s  report  should be re fer red  t o  

National Aeronautics and Space Administration 
Office of Sc i en t i f i c  and Technical Information 
Att er,tion: AFSS-A 
WashiRgton, D. C . 20546 
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PROZESS SPE3 :,'FEATION 

APPLICATION OF FOAM-IN-?.UCE POLYURETHANE 
TO HIGH VOLTAGE DEVICES 

1. SCOPE 

This specif icat ion establ ishes  t h e  mater ia ls ,  procedures and controls  
t o  be used f o r  encapsulating high voltage d i r e c t  current e l e c t r i c a l  
assemblies, 

2. APPLICABLE DOCUMENTS 

2.1 The following documents of t h e  i s s u e  in e f f e c t  on t h e  da te  of 
i n v i t a t i o n  f o r  b ids  form a par t  of t h i s  spec i f ica t ion  t o  t h e  extent  
spec i f ied  herein: 

SPECIFICATIONS 

0-A-51 Acetone, Technical 

MIL-T-7 003 Trichloroethylene, S tab i l ized ,  Degreasing 

TT-M-261 %ethyl  Ethyl Ketone 

3. REQUIREMENTS 

3.1 Health and Safety Precautions. 

3.1.1 Toxicity,  Many of t h e  materials (solvents and foam mater ia l )  
used i n  t h i s  process are toxic  i f  breathed o r  absorbed through t h e  skin 
i n  excessive quant i t ies .  These mater ia ls  can be used without hazard i f  
t h e  general  precautions specified herein a r e  observed. 

3.l.W Avoid contact of the solvents and foam components with the 
Special  care s h a l l  be taken t o  prevent contact with open breaks i n  

Any areas  of the  skin t h a t  a r e  contacted by these  materials 
skin. 
t h e  sk in ,  
s h a l l  be washed immediately a d  thoroughly with soap and water. 

3.1,1.2 If any mater ia l  contaminates t h e  eyes, f l u s h  immediately 
with copious quant i t ies  of water. Then obtain immediate medical a t ten t ion .  

3.101.3 After using any of t h e  mater ia l s  specif ied herein,  wash t h e  
hands thoroughly with soap and water before smoking o r  eat ing.  

3 ,1 ,2  FlammabilkLyg, Mmy of the  mater ia l s  specif ied herein a r e  
flammable, 
an operation where these  mater ia ls  a re  being used, 

No smoking o r  open flaxes s h a l l  be allowed within 25 f e e t  of 
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$ 4 . 1 . 3  Ventilation. Good, general  v e n t i l a t i o n  s h a l l  be provided i n  
a l l  work areas t o  prevent buildup of solvent vapor and toluene diisocyanate 
vapor, Mixing and appl icat ion of t h e  foam should be accomplished i n  an 
exhaust vent i la ted  booth having a minimum face  ve loc i ty  of 100 f e e t  per  
minute (fpm). 

3.2 Materials.  

The following materials,  o r  approved equivalent,  s h a l l  be used 
t o  assure s a t i s f a c t o r y  r e s u l t s  f o r  t h e  foaming process es tabl ished by 
t h i s  spec i f ica t ion .  

3.2.1 Foam Systems. 

CPR 23 Ser ies  Manufactured and supplied by 
CPR Division of t h e  Upjohn Co., 
55 Alaska h e . ,  Torrance, 
Cal i forn ia  90503. 

Stafoam AA 600 Manufactured and supplied by 

Chemical Corp., 661 So. Tenth S t r e e t  
Richmond, Cal i forn ia  94804 

S e r i e s  Polytron Dept . , Olin-Mathieson 

3.2.2 Mold Releases and Maskants. 

Waxes, Carnauba Simoniz (Simoniz Wax CO.) 
Base Johnson Paste  Wax (Johnson Wax Co.) 

Epowax (Furane P l a s t i c s ,  Inc. ,  
4516 Braz i l  S t r e e t ,  Los Angeles 
Cal i fornia  90039). 

Fluorocarbon MS-136, Miller-Stephenson Chemical Co. 
. 

Spray Release Los Angeles, Cal i forn ia  

S i l icone  Grease DC-7, Dow Corning Corporation 

Films Polytetraf  luoroethylene (+Teflon ) - 
Polyvinylchloride 

C omme r c i a1 

3.2.3 Cleaning Materials.  

Solvents Methyl Ethyl Ketone (TT-M-261) 
1,1,1 Trichloroethylene (0-T-636) 
Trichlorotrifluoroethane (+?Freon TF) - 

C omme r c  i a l  

Abrasives Ajax Cleanser, I n s t i t u t i o n a l  Grade - 
No. 80 G r i t  A l u m i n u m  Oxide - Commercial 
No. 325 G r i t  Aluminum Oxide - Commercial 

Commercial 

3:- Trade nane of E. I. Du Pont de Nemours. 
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Sa l fu r i c  Acid Conme rc  i a l  
(Specific Gravtty 1 84) 

Sodium D i  2 h romat e Come re i a l  

3.2.4 Equipment e 

Balance, Xarvard Onaus Scale Corp. 

Propeller-type High RPM, Motor o r  a i r  driven 
S t i r r e r  (commercial ) 

Circulat ing A i r  Capable of 210 + l O ° F  
Oven 

3.3 Procedure 

3.3.1 Mold Preparation. 

3.3.1.1 Cleaning. The mold surfaces  s h a l l  be thoroughly cleaned 
and dr ied  p r i o r  t o  appl icat ion o f  mold release, 
o i l s ,  greases,  o r  pa r t i cu la t e  mat ter  s h a l l  be removed by wiping with a 
clean c lo th  dampened i n  acetone, methyl e t h y l  ketone, Freon TF, o r  
1,1,l Trichloroethylene,  
with a c lo th  o r  brush i s  also acceptable. 
contaminants, vapor degrease the  mold pieces  i n  Freon TF o r  1,1,1 
Trichloroethylene. 
o r  i n  a c i r c u l a t i n g  a i r  oven), 

Gross contamination of 

Immersion i n  t h e  solvent accompanied by scrubbing 
Following removal of  t h e  gross 

Parts sha l l  be dr ied  thoroughly ( a t  room temperature 

3.3.1.2 Mold Release Application. Apply two (2) coats  of w a x  (3.2,2) 
o r  fluorocarbon re lease  (3.2.2) t o  a l l  mold sur faces  t o  which t h e  foam 
must not adhere. If w a x  i s  used, each of t h e  two  coa ts  shall be buffed 
l i g h t l y  t o  remove excess wax,  
e tc . )  are f requent ly  more eas i ly  coated using t h e  s i l i cone  grease o r  
t h e  fluorocarbon spray. 

Mold hardware (bol t s ,  nuts ,  plugs, s tuds,  

3.3.2 E l e c t r i c a l  Assembly Preparation, 

3.3.2.1 If an;. par t  of t he  assembly i s  separable from t h e  assembly 

I n  addi t ion,  if t h a t  p a r t  i s  aluminum 
and ye t  i s  t o  be an i n t e g r a l  p a r t  of t h e  foamed assembly, t h a t  p a r t  s h a l l  
be cleaned as spec i f ied  i n  3.3.101. 
and can be etched without damage, t h e  p a r t  s h a l l  be etched f o r  5-10 minutes 
a t  130-15O0F i n  a so lu t ion  of t h e  following composition. 

D i s t i l l e d  Water 
Su l fu r i c  Acid (Specific Gravity 1.84) 
Sodium Dichromate 

30 p a r t s  by weight 
10 p a r t s  by weight 
4 p a r t s  by weight 

CAUTION: The usual  precautions f o r  handling and using ac ids  
apply t o  %he use of t h e  su l fu r i c  acid and t h e  
prepared solution, 
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Rinse thoroughly under running water and dry i n  a c i r cu la t ing  
Handle cleaned p a r t s  only with clean cot ton gloves o r  a i r  oven a t  15C1°F. 

clean tongs. 

3.3.2.2 If t h e  separable part, i s  not aluminum o r  would otherwise be 
damaged by etching but  caa be abrasi-Jely b l a s t ed ,  dry abrasive b l a s t  a l l  
surfaces  t o  which t h e  foam rnust sldhere using No, 80 g r i t  aluminum oxide. 
Remove all abrasive g r i t  by blowing with clean, dry, oi l - f ree  a i r .  

3.3.2.3 If t h e  separable p a r t  cannot be abras ive ly  b las ted  without 

Rinse clean 
damage, scrub t h e  surfaces  with a wet s l u r r y  of an abrasive cleaner,  such 
a s  i n s t i t u t i o n a l  grade A j a x  o r  No, 325 g r i t  aluminum oxide., 
under running water and a i r  d r y  i n  an a i r - c i r cu la t ing  oven a t  15O0F0 

3.3.2,4 If none of  t he  above cleaning procedures are appropriate,  
c lean i n  accordance with t h e  cleaning procedure spec i f ied  f o r  t h e  e l e c t r i c a l  
assembly (3.3.2.5)e 

3*3.2.5 The e l e c t r i c a l  assembly s h a l l  be thoroughly cleaned by vapor 
degreasing i n  Freon TF o r  l , l , l t r ich loroe th .y lene .  
detr imental  t o  any components, t h e  next prefer red  cleaning method i s  u l t r a -  
sonic cleaning i n  e i t h e r  solvent, followed by r in s ing  i n  clean solvent. 
Immersion and brush cleaning followed by r in s ing  in clean solvent i s  t o  be 
used only i f  t h e  previous two  methods :annot be used. 

If t h e  hot  solvent i s  

NOTE: After  cleaning, a l l  p a r t s  t h a t  a r e  t o  be an i n t e g r a l  
p a r t  of the  f i n a l  assembly af ter  foaming s h a l l  be 
protected from re-contamination, Handling of these  
p a r t s  sha l l  be accomplished only with clean, dry 
cot ton gloves o r  by using clean tongs (or  tweezers, 
a s  appropriate) 

3.3.3 
t h e  weight (Wl) 

3.3.4 
t h e  mold in t h e  required locat ion,  Mask, mold r e l ease  o r  otherwise 
pro tec t  (as  appropriate)  a l l  terminals,  feed-thru 's ,  leads,  e tc . ,  using 
mater ia l s  specif ied i n  3.2.2. Allow only t h e  foam ent ry  por t  and vents 
t o  remain open and unobstructed, 

Weigh t h e  assenbly t h a t  i s  t o  be embedded in foam and record 

Assemble t h e  mold and pos i t ion  t h e  e l e c t r i c a l  assembly within 

3.3.5 Foam m a n t i t s  Determination, The volume of free-space i n  t h e  
mold (V)  s h a l l  be calculated from t h e  mold dimensions and subt rac t ing  a 
volume allowance f o r  t h e  e lec t ronic  assembly. 
volume of t h e  assembly can be obtained a t  t h e  time of cleaning (3.3.2.5) 
by l i q u i d  displacement method, using t h e  cleaning solvent a s  t h e  l i qu id .  
If t h e  configuration of t he  mold i s  such as t o  make ca lcu la t ion  of t h e  
mold volume d i f f i c u l t  o r  tedious,  t he  volume may be measured by l i q u i d  
capaci ty  a t  t h e  time of mold cleaning (3.3.1.1). 

A reasonably accurate 



3.3.5.1 Having determined $be volume of f r e e  space (V)  t o  be f i l l e d  
by t h e  foam, t h e  weight of mixed foam (W) required t o  achieve t h e  spec i f ied  
densi ty  s h a l l  be calculated as  follows: 

v x D x 0,30 = w 
Where V = voluae (i? cubic inches) t o  be f i l l e d  by foam. 

D = desired dens i ty  ( i n  pounds per  cubic f o o t )  of  foam. 
W = weight of foam required in  grams. 

3.3.6 Select ion of  Foam t o  be Used. The mater ia l  t o  be used f o r  
foaming s h a l l  be selected i n  accordance with t h e  specif ied dens i ty  as 
follows : 

Foam Density Specified 

6 lbs / f t3  o r  l e s s  

8-12 lb s / f t3  

14-20 lbs / f t3  

Mater ia l  t o  be Used 

CPR 23-2 
Stafoam A-602 

Stafoam A-604 

Stafoam A-608 

CPR 23-4 

CPR 23-8 

3.3.7 Pre-heat t h e  mold and assembly, which a t  t h i s  point  i s  ready 
f o r  foaming, t o  110-120'F and maintain a t  t h i s  temperature u n t i l  just 
p r i o r  t o  introduct ion of  t h e  foam. 

3.308 Foam Formulation, Preparation and Application, 

3.3,8.1 Before proceeding, t h e  method t h a t  w i l l  be used t o  introduce 
E i t h e r  of t h e  t h e  proper quant i ty  of foam in to  t h e  mold must be selected.  

following two methods a r e  acceptable. 

3.3.8.1.1 Method 1. Jus t  p r i o r  t o  proportioning and mixing t h e  foam 
material, weigh the  mold and assembly on a balance and add a balance weight 
equal t o  t h e  weight of foam required (W), a s  determined i n  3.3.5.1. When 
preparing t h e  foam, use a t  l e a s t  20% more foam (1.2W) than required t o  be 
added t o  t h e  mold. 
can be added t o  t h e  mold by noting when t h e  weight of foam counterbalances 
t h e  balance weight, 

When adding foam (3030806), exac t ly  W grams of foam 

3.3.8.1,2 Method 2, When proportioning t h e  quant i ty  of foam, weigh 

Approximately 
and mix exac t ly  1.15W grams of  foam. After mdxir..g, pour t h e  foam i n t o  
t h e  mold but do not scrape foam from t h e  miXing container.  
15% of t h e  foam w i l l  adhere t o  t h e  miXing container,  thereby r e s u l t i n g  
i n  t h e  desired quant i ty  (W) in t h e  mold, 

3.3,8.2 The foam compofients s h a l l  be proportioned i n  accordance 
with t h e  manufacturer ins t ruc t ions ,  with an allowable weight to le rance  
of 2 2%0 
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3.3,8.2.1 CPR 23 Ser ies  Foam, 

3.3.8.2,l.l  Weigh t h e  required quant i ty  of Component T i n t o  an 
unwaxed paper container  (A  metal, g lass ,  polyethylene, o r  fluoroaarbon 
container may be used but paper i s  recommended because of i t s  disposable 
nature,  making clean-up eas ie r . )  
by Component T s h a l l  be no more than one-quarter nor l e s s  than one-tenth 
of t h e  t o t a l  container  volume. 

The volume of t h e  container  occupied 

3.3,8.2.1.2 Rapidly weigh t h e  required quant i ty  of Component R i n t o  
t h e  same container.  

3.3.8.2.2 Stafoan AA-600 Ser ies  Foam. 

3.3.8.2.2.1 Weigh t h e  reqJired quant i ty  of Component T i n t o  an 
unwaxed paper container.  
container  may be used but paper i s  recammended because of i t s  disposable 
nature ,  making clean-up easiero) The volime of t h e  container  occupied by 
Component T s h a l l  be no more than one-quarter nor l e s s  than one-tenth 
of t h e  t o t a l  container  volume, 

( A  metal, g lass ,  ployethylene o r  fluorocarbon 

3.3.8.2.2,2 Rapidly weigh t h e  required quant i ty  of Component T 
i n t o  t h e  same container.  

3.3.8.3 Thoroughly mix t he  two components a t  high RPM using a 
propeller-type s t i r r e r ,  keeping t h e  propel le r  blades submerged in t h e  
foam mater ia l  a t  all times while mixing and moving t h e  stirrer throughout 
t h e  volume of t h e  material (especial ly  important a t  container  bottom 
and s ides  t o  insure  complete and thorough mixing). M i x  f o r  45 seconds 
o r  u n t i l  t he  first s ign  of foaming occurs (as evidenced by a whitening 
of  t h e  mater ia l ) ,  whichever occurs first 

3.3.8.4 Rapidly pour t h e  mixed foam mater ia l  i n t o  t h e  pre-heated mold, 
d i s t r i b u t i n g  uniformJ-y while pouring (3.3.8.1). It i s  important t h a t  
mater ia l  foam from bottom of mold ( loca t ion  opposite vents )  through t h e  
assembly t o  t h e  vents t o  insure a uniform product and prevent a i r  en- 
trapment which w i l l  r e s u l t  in l a r g e  voids. 

NOTE: To achieve a heavier-than-normal t t sk in l t  a t  any 
p a r t i c u l a r  locat ion,  if desired,  brush t h a t  area 
f o r  2 t o  5 seconds w i t h  t h e  foam mate r i a l  using 
-a s t i f f  b r i s t l e  brush (such a s  an ac id  brush).  

3.3.8.5 m e d i a t e l y  upon completion of  pouring, pos i t ion  t h e  cover 
on t h e  foam en t ry  port  and secure, 

3.3.9 A l l o w  t he  mold essembly t o  remain undisturbed a t  room tempera- 
t u r e  f o r  10-20 minutes, then place i n  an a i r - c i r cu la t ing  oven a t  210 + l O ° F  
f o r  10 i.1 hours t o  cure t h e  foam, 
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3.3.10 After the oven cure, the mold shall be removed from the oven 
and permitted to cool naturally, without forced cooling, to room temperature. 

3.3.11 
the foamed part. 

3.3.12 

3.3.13 Cleanup 

When cool, remove mold and trim flash and vent sprues from 

Weigh the foamed part and record the weight (W,). 

3.3.13.1 Cleanup of foam spillage, mixing equipment, etc,, should be 
accomplished as soon as practical after completion of pouring the foam in 
the mold. 
acetone. 

Clean by immersion and scrubbing using methyl ethyl ketone o r  

3.3.13.2 Flash and sprue removal from the foamed assembly may be 
accomplished by cutting with a sharp knife o r  similar instrument. 

W’ 3.4 Workmanship. The foam-embedded assembly shall exhibit the follow- 
ing characteristics: 

3.4.1 The prescribed volume of the assembly as specified on the 
engineering drawing shall be filled with foam. 

3.4.2 The foam shall be of uniform cell size without cracks, de- 
lamination, or thickness. 

3.4.3 The density of the foam shall be as specified 09 the engineering 
drawing. The tolerance on the density shall be 5 1/2 lb/ft 
of 4 lbs/ft3 o r  less, and 2 15% for densities greater than 4 lbs/ft3. 

to expose the void ( o r  component to be replaced). 
accomplished in accordance h t t h  t h e  reqciremnts of 3 ?3.4 and subsequent. 
Cleaning of an area to be refoamed shall be by cutting away the contaminated 
surface of foam; solvent cleaning shall not be used. 

for densities 

rj3.5 Rework. Rework s h a l l  be accomplished by cutting away the foam 
Refoaming shall be 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Process Control. The following operations shall be observed 
and/or verified by Quality Control 

for contamination, including particulate and liquid ( solvents ) , 
b e l . l  Visually inspect interior surfaces (molding surfaces) of mold 

4.1.2 Verify complete coverage of mold release on those surfaces 
which will contact foam, 

4.1.3 Verify cleaning and drying of the assembly to be embedded in 
the foam. 
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4.1.4 Verify mold volume determination and ca lcu la t ion  of foam weight 
required and a c t u a l l y  used ., 

4.1.5 

4.1.6 

Verify preheating of mold and assembly before pouring of foam. 

Witness and ver i fy  proper proportioning, mixing, and pouring 
of t h e  foam. 

4.1.7 Verify foam cure. 

4.1.8 Verify t h a t  foam densi ty  of t h e  foamed assembly i s  as specified 
on t h e  engineering drawing. 
as follows: 

The densi ty  of t h e  foam s h a l l  be calculated 

I.. 

X 3.83 = D '12 - w1 
( v  

W2 = weight of foamed assembly, i n  grams (3.3,12) 
W l  = weight of assembly before foaming, i n  grams (3.3.3) 
V = volume of foam, i n  cubic inches (3.3.5) 
D = densi ty ,  i n  pounds per  cubic foot  

4 ,2  Foam Quality. The molded foam s h a l l  be inspected f o r  t h e  
workmanship requirements of 3.4. 

5. PREPARATION FOR DELIVERY 

5.1 PackaPinq. The foam-in-place assemblies s h a l l  be wrapped i n  
polyethylene sheeting conforming t o  MIL-P-22035, Type I, Grades 1 through 3, 
o r  placed i n  bags fabricated from the  sheeting. Openings s h a l l  be secured 
t o  prevent contamination. When t ransport ing o r  shipping is required, t h e  
assemblies s h a l l  be placed i n  containers su i tab ly  constructed and with t h e  
contents padded t o  ensure safe de l ivery  by common c a r r i e r  t o  the  destina- 
t ion e 

5.2 Ident i f ica t ion ,  Ident i f ica t ion  markings (par t  numbers, e t c  .) 
may be placed on t h e  foam surface as long as t h e  marking does not i n t e r f e r e  
with t h e  function of the  assembly and w i l l  withstand normal handling. 
marking method which penetrates o r  pierces  the  foam surface i s  allowed. 

No 

6. NOTES 

6.1 Intended Use, The procedures and materials specif ied i n  t h i s  
document are intended t o  provide low-weight mechanical support and elec- 
t r i c a l  insu la t ion  f o r  e l e c t r i c a l  assemblies. 
cedures w i l l  provide insulat ion f o r  high voltage d i r e c t  current devices 
f o r  use i n  t h e  space environment. 

These materials and pro- 
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6.2 Drawing Callout.  I n  addi t ion  t o  t h e  spec i f ica t ion  number and 

Unless otherwise specif ied,  t h e  dens i ty  tolerances a r e  
descr ip t ive  t i t l e ,  it i s  necessary t h a t  t h e  desired dens i ty  be spec i f ied  
on t h e  drawing. 
as spec i f ied  i n  3.4.3. 

6.2.1 A ca re fu l  review of t h e  assembly drawing f o r  mater ia l s  and 
components should be made and add i t iona l  notes should be incorporated 
on t h e  drawing t o  prevent damage from t h e  solvents  and operations 
specif ied herein.  

6.3 Precaut ionam Note. Although t h e  foam mater ia l s  called-out i n  
t h i s  spec i f i ca t ion  a re  chemically compatible with near ly  a l l  mate r i a l s  
used i n  component and c i r c u i t  f ab r i ca t ion ,  considerable heat may be 
l i be ra t ed  during t h e  foaming process. It i s  des i r ab le  t o  determine 
experimentally t h e  heat l ibera ted  for each design using a model p r i o r  t o  
encapsulation of f l i g h t  un i t s  t o  insure  complete process (including thermal) 
compat ibi l i ty  e 
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